Summary. As a joint operation of ECORS and DEKORP, a deep wide-angle seismic experiment using vibrators was carried out in the autumn of 1984. The object was to get information on the deep crust under the Rhine graben without crossing through sedimentary layers. Offsets were in the range of 50 to 89 km. In the first phase, two vibration points were executed in the Vosges mountains.
Introduction
The French ECORS and the German DEKORP projects have the joint goal of investigating the crust underneath the Rhine graben by deep seismic techniques. Implementation calls in particular for emitting seismic waves on one side of the graben and for receiving them on the other side.
This technique of wide-angle seismic reflection aims to obtain information on the structure of the crust and on its velocity underneath the graben without having the seismic rays disturbed by having to cross through superficial absorbent sedimentary layers of more recent age deposited in the graben. The depth aimed at was about 30 km, and the distance between the seismic source and the receivers was between 60 and 90 km. The seismic source normally used for such an operation is dynamite with 300 to 500 kg charges. Yet, it is not always possible to set off such powerful shots in densely populated regions. In the autumn of 1984, we took advantage of the presence of a crew from Prakla and another one from CGG, each on the opposite side of the Rhine graben, to perform a feasibility test of wide-angle seismic techniques using vibrators between the Vosges mountains and the Black Forest. This test was performed in two phases, first in the France-to-Germany direction, and two months later in the opposite direction. 
ACQUISITION
Two vibration points (VP) were performed by CGG: VP1 and VP2. For each point, 160 vibrations lasting for 20 s, from 10 to 45 Hz, were performed by two 13.5 t vibrators for VPl and three for VP2. The distance between VP1 and VP2 was 16 km in the NW-SE direction. In the Black Forest, Prakla handled the receiving with an inline array of 200 traces spaced 80 m apart and spread out in the W-E direction. This array remained fixed during the entire experiment. The greatest distance between the source (VP2) and the receivers (the one situated farthest east) was 82 km. The shortest distance was 50 km. Every 16 vibrations, correlations and vertical stacks were performed immediately and then recorded at a rate of 4 ms in the Sercel SN 348 lab. Ten digital recordings were obtained for each of the two VPs.
PROCESSING
The processing then done by Prakla consisted of stacking the 10 recordings for each VP to obtain the vertical stack of 160 vibrations, and then in equalizing the amplitudes in both time and between traces.
RESULTS
No seismic arrival was visible for VPl even though the offsets were shorter (50 to 66 km) .
For Vp2, however, for which offsets went from 66 to 82 km, seismic phases exist and lasted for 1.2 s on average. They reached 12.7 s at a distance of 66 km, and 14.8 s at 82 km. The difference in quality between these two recordings can come only from the emission points since the receiver remained fixed during the operation. VP1, for which the result was nil, was situated on poorly consolidated and very wet ground, whereas the vibrators at VP2 operated on hard ground (Vosges sandstone). This result shows that the nature of the ground underneath the source is of great importance in this type of operation. VP2 might also correspond to an offset range closer to the critical distance where a notable energy increase is generally observed.
3. Second test phase: emission in the Black Forest, reception in the Vosges mountains (Fig. 1) 
ACQUISITION
Fourteen vibration points (VP) were performed by Prakla and were numbered from VP1 to VP14. Each VP was made up of 48 vibrations performed by four 9 t and one 16 t synchronized vibrators. The spacing between the VPs was 1.6 km. These 14 VP were performed along a W-E line at the same spot where the receiving array had been installed for the first test. The sweep lasted for 20 s and went from 10 to 35 Hz instead of 45 Hz as in the first test. It effectively appeared after the first test that there was no point in emitting frequencies greater than 35 Hz to obtain reflections on levels situated at a depth of 25 km. In the Vosges mountains, receiving was done by the Institut FranCais du PCtrole (IFP) using 48 stations spaced 100 m apart in an E-W direction, half way between the two VPs of the first test (Fig. 1) . These stations remained fixed during the operation. The distance between the extreme sources and receivers was from 60 to 86 km. Data were recorded at a rate of 4 ms in the Sercel SN 338 lab. Since this lab was not equipped with a stacker or correlator, all the individual emissions were recorded. In this way, 672 recordings of 48 traces were made, each lasting 32 s.
FIRST TYPE OF PROCESSING
Processing was done by CGG. For each of the 14 VPs, it consisted in stacking the 48 individual recordings, in correlating this stack with the signal emitted, and then in equalizing the amplitudes. Among the 14 playbacks, only one (VP4) showed reflected signals that were situated between 13 and 14 s (Fig. 2) .
SECOND TYPE OF PROCESSING
Taking advantage of the fact that all the individual recordings were available, processing was begun again. It first consisted in equalizing the amplitudes of the 48 individual recordings of the same VP, and then in stacking them and in correlating after stack.
RESULTS
On each of the 13 playbacks, one good quality signal appeared. Only one VP (VPI) shows no result. It was the only one to have been situated on weathered gneiss, whereas all the others were performed on unweathered gneiss or granite (Fig. 3) . Here again, as in the first test, it seems that the nature of the ground underneath the source governs the quality of the results.
To get a better picture of the effect of amplitude equalization before vertical stacking, the individual recordings of the best VP (VP4) and those of the worst VP (VP8) were played back. Fig. 4 shows two of the 48 individual vibrations of VP4. Each of these two recordings thus comes from a 20 s vibration performed by five synchronised vibrators. The signal can be detected clearly, and its quality is even better on a few traces situated towards the 68 km offset. This phenomenon exists on all 48 recordings of VP4. Since the emission points are different, this variation in signal quality as a function of distance can come only from a local variation in the nature of the ground along the array. This array was installed on granite covered by several meters of less consolidated deposits. Fig. 5 shows the effect of amplitude equalization before stacking on VP8. For one of the traces, an assemblage was made of the 48 recordings obtained by the same geophones before and after their equalization. It can be seen that, before equalization, the amplitudes are very different. The weakest traces are the ones showing the signal. Their level is appreciably constant, thus showing the fidelity of the source. The strongest traces, on the other hand, represent noise that is often sinusoidal. This noise may have been caused by a vehicle or person moving near a trace or by any other nonseismic source. After correlation, it was transformed into a wave similar to the sweep. The stacking of such traces, where the signal is drowned out in a noise more energetic than the signal itself has no chance of increasing the signaunoise ratio. Equalizing the amplitude of the individual traces can however bring out the signal in phase on the traces while the noise is not synchronous. The signal level is statistically increased by vertical stacking at the expense of the ambient noise.
An assemblage of the 14 VPs is shown in Fig. 6 . The signal lasting for about 1 s reached 62 km offset in about 12.3 s and 86 km offset in about 15.7 s. This result tombined with that of the first test were used to create the following simple model by calculating velocities and depths from arrival times -from 0 to 18 km, a layer with a velocity of 5.9 km d.
-from 18 to 22 km, a layer with a velocity of 6.5 km s-'.
-from 22 to 25 km, a layer with a velocity of 6.9 km s-'.
The Moho is thus situated at a depth of 25 km. 
Conclusions
The feasibility tests in the Rhine graben show that vibrators can be uszd to obtain a valid result up to at least 86 km, but that the quality of this result depends both on the nature of the ground underneath the source and underneath the geophones and their coupling as well as on the processing. Whether this processing is done in the field or off-line, it is preferable to equalize the amplitudes before vertical stacking and correlation especially in areas where the ambiant noise is persistent with a level notably higher than the signal one. For these tests, chances of propagating seismic energy were optimized by placing the source and receivers on top of igneous rocks at a critical distance relative to the lower crust boundary. Although these optimum conditions may not always be possible on a continuous profile, satisfactory results should be obtained by multiple coverage using end-on shooting and a constant source offset.
